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INTRODUCTION AND OVERVIEW 

This is the fourth report of a series of semi-annual reports that describe 
the technology areas being advanced under this contract and the progress 
achieved to date. 

The most significant technical event this period was the successful 
completion of the Lewis spacecraft in 2 years (contract award date was June 
1994). In August of 1996 we held a program-wide Technology Workshop which 
covered all aspects of the Lewis payload. A copy of the Workshop proceedings 
is attached. 

Numerous papers and media articles featuring Lewis technologies were 
published in the most recent 6 month period. Some of these are listed below: 

1 . Design News. September 9. 1996 . “Big Science from a Small 
Satellite." 

2. Laser-Focus World. August 1996 . “Hyperspectral Imager will view 
many colors of Earth." 

3. SPIE Volume 2808. 1996 . “EUV, X-Ray and Gamma Ray 
Instrumentations for Astronomy VII, “The Diffuse EUV Spectrometer 
UCB." 

4. 20th International Symposium on Space Technology and Science. 
GIFU. Japan. Mav 19-25. 1996 . SSTI-Lewis Spacecraft Program. 

5. IEEE: Proceedings . “Hyperspectral Imaging Payload for the NASA 
Small Satellite Technology Initiative Program," 1996. 

6. SSTI-Lewis Better. Faster and Cheaper Guidance. Navigation and 
Control Subsystem . AIAA/USU Small Satellite Conference 1996, 

Utah State University. 

7. SPIE Symposium. September 1996 . “Lewis Hyperspectral Imager 
Payload Development. 




Significant progress was made in demonstrating new technologies in 
spacecraft dynamics testing. In this period we completed Lewis spacecraft 
vibration, pyroshock and “tap” testing. In the process of readying Lewis for 
launch, we accomplished the following: 

• Graphite/viscoelastic damping tiles to eliminate launch load 
and on-orbit jitter concerns on the payload instrument. Tile 
technology will see immediate insertion on the EOS program to 
alleviate launch vibro-acoustics concerns. 

• Graphite/VEM dampled hat section used as a retrofit to solve a 
critical launch load vibration problem. We foresee this being an 
effective tool when one wants to simultaneously add significant 
stiffness and damping to a structure. 

• A new vibroacoustic analysis nriethodology using the full 
spacecraft Nastran model was pioneered on SSTI. The method was 
proven and is now being employed on EOS and other programs. 

• Automated response limited vibration testing was employed 
for the first time to provide realistic test levels to the main optical 
payload (HSI) without causing damage due to over-test. We 
anticipate this technique will be used on most upcoming NASA 
programs. 

• Test-tuning dynamic models using local tap test data and a 
portable analyzer. We demonstrated the ability to measure 
frequencies and damping on major portions of a spacecraft in one 
and a half days, including setup. Previous modal-survey techniques 
would have taken far longer. The test-verified frequencies and 
damping reduce the uncertainty inherent in load cycle results. 

• Test methodologies for adaptive vibration controllers on 

structures. The lessons learned are having an impact on all our future 
cryocooler products. 

The spacecraft completed many major test milestones during this period 
including: 


• Thermal Vacuum and Thermal Cycling (4 cycles). 

• 3-Axis Random Vibration. 

• Pyro-Shock testing with live ordnance. 

• 4 complete integrated system tests. 




• Completion of Hyperspectral Imager Thermal Vacuum and Vibration 
tests and delivery to System l&T. 

The spacecraft was placed in storage in mid-June 1996 and is now 
undergoing final integrated system testing in preparation for final build and 
shipment to VAFB for launch. 
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Independent Technology Demonstrations 
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Goddard Experiment Module Phil Luers 1 1 :00-1 1 :30 
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Advanced Instrument Technologies 
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SSTI Program Objectives 



Government laboratories and centers 






Maximize technology transfer from military to civil space applications 



High Reliability Lewis Design 


i i 
1 ^ 
It 
It 


It 

It 




1# 

J» 

It 

I f 


li 

It 

ft 

Ml _ 





§i 

oD tn 
u 

5? 5 

I ! 


OC cx 

< §“ 
UJ w 

>~ T3 
CO CO 

LU 

LL. >- 


Ainigvnaa 


Hr ^ 


CO 


c/5 




o 

’e 

h- 

"a 

CD 

CD 


“TD 

CD 

□c 

CD 

>- 

1 


>-LO 

C 

CD 


CD 

r~~ 



CD 

O 

3 


oo 


CD 


cn- 


o 

^ O CD 

^ ^ C_3 Q 


1-16 




SSTI-Lewis System Functional 
Block Diagram 




Payload Instruments 
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Measures EUV emission spectra of diffuse space background 

Will provide data several orders of magnitude more sensitive than prior work 



HSI Drives Orbital Contlitions 



Conditions acceptable to all other primary payloads and tech demos 
Only additional requirement is inertial, anti-sun pointing mode for UCB 
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GATTERY PROPULSION MOOULE 




STRUCTURE 4 MECHANISMS / THERMAL CONTROL 
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OAS PROPELLANT TANK 
QUALIFICATION TEST RESULTS 
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LOAD: 232 LBin OF HYDRAZINE (MAXIMUM) 

332 LBm of NITROGEN TETROXIDE (MAXIMUM) 
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DUAL-SLEEVE CELL MOUNTING USED TO EQUALIZE CELL 
TEMPERATURES WITHIN A PRESSURE VESSEL 

- LIFETIME BATTERY AVERAGE TEMPERATURE -10°C 

- CELL-TO-CELL GRADIENTS <3“C 
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TEMPERATURE GRADIENT BETWEEN HOTTEST AND COLDEST 
VESSELS IN BATTERY SHALL NOT EXCEED 3°C 
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Metallic fittings used in selected joint locations 
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Power Converter slice is made up of Off-The-Shelf qualified 
Power Converters from Babcock. 
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HD-1003 Star Tracker 






HD-1003 Block Diagram 









HD-1003 Performance Requirements 
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HD-1003 Qualification Test Sequence 
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Position Data Rate Up to 1 kHz 

*Ttiese may be calibrated to approach the fesoiution accuracy. 
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♦ To evaluate WFOV performance data during unique mission environmental 
conditions, with excessive stray light, at attitude rates > 0.3 deg/sec, and for 
time-related trends 
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A-SI STRUCTURE 
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AMORPHOUS SILICON ADVANTAGES 
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Anneal Data for Single-Junction a-Si:H Cells 
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SSTI AMORPHOUS SILICON SOLAR CELL EXPERIMENT 
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TEMPERATURE GOALS 
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Assumes the following are parallelly monitored: sun angle, insOlation and radiation 



AMORPHOUS SILICON PROGRAM 
EVOLUTION 
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PRODUCT 1: SSTI PANEL 
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EXPERIMENTAL CELLS 
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GPS ATTITUDE DETERMINATION 
FLYER (GADFLY) EXPERIMENT 
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GADFLY SYSTEMS CONFIGURATION 
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GADFLY PERFORMANCE GOALS 
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TENSOR RECEIVER PROCESSOR 
UNIT (QUANTITY: 2) 
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TENSOR HARDWARE PHYSICAL 
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- POLARIZATION: RIGHT HAND CIRCULAR 

• THERMAL DISSIPATION: 0 WATTS 

• UNIT WEIGHT: 0.20 LBS 

• DIMENSIONS: 2.87 x 2.87 x 0.34 IN. 
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GPS Test Facility At GSFr 
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•Receiver Performance Benchmarking •Multipath Modeling and Antenna Design 

•Spacecraft Timing Testbed •Ground Testing Procedures and Automation 

•GPS RF Analysis and Test Support -Static and Dynamic (3 DOF) Platforms 
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Structural Loads & Acoustics 
Measurements (SLAM) 
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SLAM Objectives 
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Reaction Wheel (Momentum Wheel) Operation 
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No ground station control required 

Ground contact times and durations known well in advance 
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OUTPUT: Suggested Orbit Control and Thruster Firings 
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Step 3: Compute and execute on-board, send to ground for verification 

Step 4: Fully autonomous, check only as desired 
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Autonomous Orbit Control reduces cost and risk and is technically straightforward, 
but requires a willingness to change how we fly spacecraft. 
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Data Compression Experiment on Lewis 
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DATA COMPRESSION TECHNOLOGY 



> I ) SizeAVeight (2) Power 




DATA COMPRESSION TECHNOLOGY 
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DATA COMPRESSION TECHNOLOGY 
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DATA COMPRESSION TECHNOLOGY 


o 



Software encoder is baselined for MAP/MIDEX mission. 



High Performance Compression Technology 

• vSilicon circuit design of the major processor (Enhanced DCT) block began early 96, preliminary specs written. 

• I lybrid system compo.sed of partial software and partial hardware was integrated in SS'n/I.EWlS to process 
hyper-spectral imager data, launch Nov. 96. 
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LOSSLESS DATA COMPRESSION 
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R & D Efforts currently under development at GSFC 
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Goddard Experiment Module Phil Luers 1 1 :00-1 1 :30 



Metal Matrix Composite 
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material cut to 12"xl.5" and adhesively bonded on the ends. The 
bonded area on the strap end is 1.5 "x 1.5". 
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There are ar\aly tical models, both simple and extremely academic, that 
try to address the subtle interaction between the two regions. These 
models have however have not been verified with flight data. 
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SSTI Lewis Workshop 

August 8 and 9, 1996 



NASA/TRW SSTI LEO ENVIRONMENT PROBE 
Nov. 1996, 523 km, 97.45® Inclination 
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GPC DESCRIPTIONS 




C3 

C 

03 


C 

o 

"cS 

mtmm 

T3 

CU 


O 

E 

3 

O 

0) 

s- 

tD 


0) 


LO 
0) CM 

« o 

CO ^ 
0) CO 


O (1) 

2 i 

0) *5) 

Q. 0) 

o ^ 

0) 

o ^ 


o o 

^ (/) 

c > 

■" c 
</) ■= 
<'3 S. 

O) ^ 

0> ss 

^ 03 
3 O) 

(/) H- 

(0 o 

2 c 

Q. O 

■ ■■■ 

o o 

-I a 


U) 

'(D 

o 

-S2 

3 

Q. 




fo 

CD _ 

cn CD 

iS ^ 

O 03 
> JZ 

V 

.2>co 

Si iO 

■S-« 

E 2 

< .£ 








< 

GC 

o 



c 

o 

0 

0 

0 



(0 

0 

D) 

£ 

£ 

3 

0 

"D 


=1 

c 




■M 
S MBB 

O 

> 

CD 

> 

CD 

£ 

h- 

1 



o 

O 

O 

o 

g 

in 

CM 

CM 


c 

o 

CD 

CD 

> 

O 

n 

o 

0 

c 

mmm 

m wmm 
% 

n 

03 

o 


E 

E 

■D 

!E 



0 

0 



o 

V. 

c 

■■■■ 

CD 

o 

o 

0 



o 

3) 

■ 

o 

■ 

0 


O 

in 

£ 

V/ 

in 

■ ■ 


3 

cm' 

c 


Xh 

o 

m mmt 

3 

O 


O 

0 

Q. 

0 

c 

0 

•!-» 

0 

(/) 


!^Z 

0 

CD 


3 

0 

cc 


u. 


• 


• 

• 


5.-| 4 Shinn - W/GPC DSCRPTNSI96 590 






GPC MEASURED DOSE RATE 
FOR STS-51 MISSION 
28.5°, 290 km altitude 
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Shinn - G/GPC MSRDI96 59C 




COMPARISON OF MEASURED DOSE RAT 
ON STS-60 WITH AP-8 MODEL 
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MARCH 1989 SOLAR/GEOMAGNETIC ACTIVITY 
Exposure enhancement aboard Mir (51.6*’ inclination) 
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CALCULATION PROCEDURE FOR SPACECRAFT 

EXPOSURE ANALYSES 



Target thickness Particle fluence Shielding thickness 

distributions database distribution 


Interpolation 

routines 
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GCR TRANSMISSION CHARACTERISTICS 
IN VARIOUS ABSORBERS 
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CAFE TECHNOLOGY DEMONSTRATION EXPERIMENT 
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‘Consumer Reports'- type evaluation-in-paraliel of several relatively simple CAFE algorithm concepts, 
within above constraints, using success, failure, false-alarm metrics. 

Assess what each concept can contribute, within above constraints. 

Assess improvements possible, with relaxed constraints(e.g., adding thermai IR channeis) 



ALGORITHM PHYSICAL BASIS AND RATIONALE 
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worthwhile to seek some alleviation in the volume of useless 
(cioud~contaminated)data that is being gathered. Therefore, although doing the 
"whole job" is considered impossible, we want to assess what level of alleviation 
is possible, even with simple approaches. 



CAFE ALGORITHM EVOLUTION 
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discrimination: 

— V065/V155 discriminates cloud from snow or ice. 

— V065/V125 discriminates snow from ice. 

Not yet flown. Presented as our first concept for Lewis CAFE, Fall, 
1994 
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SPECTRAL REFLECTANCE OF VARIOUS TARGETS 
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Figure 2 CLOUD/FEATURE IDENTIFICATION ALGORITHM 

(ADVANCED FILE CONCEPT) 
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ALGORITHM CHARACTERIZATION 
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Notes : 

A Denotes augmentation of original algorithm concept 
1 Feature Identification and Location Experiment 

2. High Altitude Cloud 

3. Image Navigation Cloud 4/a5A(DiGlrolamo/Davles. 1995) 
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ALGORITHM COMPLEXITY ASSESSMENT 
(For real-time procesing of image of m x n pixels) 
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PRELIMINARY CONCLUSIONS, 

from initial testing on synthetic data 
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Develop logic for shadows 

Arrange to receive USAF RTNEPH cloud truth data to 
validate algorithms during SSTI missions. 




John Beahan (JPL) 
Rudy Almeida (TRW) 


APEX Overview 
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APEX Mission 
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Incorporates all processing, memory and I/O functions into a 
single SEM-E (5.8” x 3.8”) board 


APEX Mission (con’t) 
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This telemetry will greatly enhance knowledge of 
cooler operation over life and temperature 


APEX: Advanced Packaging Experiment for LEWIS SSTI Spacecraft 
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RH32 Multichip Module Computer 
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Background 
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PRKE Objectives 
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Experiment Success Criteria 
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PRKE Description, cont 
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Diode losses = 5 x .7 = 3.5 watts 
Fixed losses = 2.5 watts 
Total fixed losses = 6 watts 
Efficiency = 190/196 x 100 = 96.9 % 
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Spacecraft OBC 1553B Data Bus. 



Development Approach 
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Next Logical Step 
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TECHNOLOGY DEMONSTRATION DESCRIPTION 



No hardware or software (beyond the addition of the MIMO algorithm) 
mods required 
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ROBUST CONTROL DESIGN 



Performance Robustness theorem 



DESIGN OPTIMIZATION APPROACH 
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MIMO ACS IMPLEMENTATION 
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SOFTWARE IMPLEMENTATION & REQUIREMENTS 
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Safety switches are implemented to transfer mode to baseline ACS or 
safe hold mode if anomalies are detected 




TESTING & VERIFICATION 
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Five MIMO controllers designed and simulated for the CDR model 



FUTURE PLANS 
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GODDARD ELECTRONICS MODULE (GEM) 
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Goddard Electronics Module (GEM) 
























GEM Physical Dimensions 
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ESN Lessons Learned 
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Available from Synova fall '96 at an 
approximate cost of $15K-$25K 
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Advanced Instrument Technologies 
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Hyperspectral Imager Overview 


O) 


<D 


CO 


CO 


CO 




c 

v« 

o> 

o 

m^mm 

CO 

Cf) 


0) 

"co 

■O 


o 

CM 

in 

CO 

d> 

£ 2 . 


E 

CO 

o 

I 

o 


• 



CO 


CO 




CO 


CO 

3 

CT 

o 

CO 

O" 

lo 

V- 

jQ 

JZ 

CM 

CO 

O) 

i 

1 

ic 

1 

1 

• 




CO 


o> 




O I — 

u. O 


H 


#■ 


’Jkwwwvq 

^# ■;=== v\\v\\\v* 

r^\\\\\\ v\V^\V ' V 
/V\\\\\\vva\v\^ 
r m >\\\\\\ WWW 
kH ^w\ 





lU 





^mmm 
wmm 

SS^M 





SI Comparison With Current Space Sensors 
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Spectra of every scene element collected 

Powerful detection discrimination comes from exploitation of detailed spectral signatures 




HSI Pushbroom Scan Geometry 



spectral images each frame 0.1 |.im overlap gives 
constant alignment/cal check 




HSI Incorporates Advanced Sensor Technologies 





Opto-Mechanical Subsystem (OMS), Foreoptics Design 




• Lightweight, all aluminum optics/optical bench design 




Panchromatic Focal Plane Module (PAN FPM) 



Panchromatic FPM Assembly 



Shortwave Infrared Focal Plane Module 



Hybird SCA mounted on package SWIR FPM mounted in spectrometer 



Visible/Near Infrared Focal Plane Module (VNIR FPM) 



CCD mounted in package VNIR FPM mounted in spectrometer 




HSI Electronics Architecture 
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HSI Power Electronics (HPE) 




HSI Concept of Operations 
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LINEAR ETALON IMAGING SPECTRAL ARRAY (LEISA) 



8-9 August, 1996 
Redondo Beach, CA 
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Optical Pointing Assembly ^ 

Top Level Requirements 7V?irV 
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Optical Pointing Assembly ^ 

Functional Block Diagram /mIXw 
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The diffuse EUV spectrometer “UCB” 

Jerry Edelstein and Stuart Bowyer 

Space Sciences Laboratory, University of California, 
Berkeley, CA 94720-7450 


ABSTRACT 


An extreme ultra-violet diffuse spectrograph known as the Ultraviolet Cosmic Background spectrometer is 
schedu"edtr a 1996 launch on the NASA SSTI mission leuirs. UCB is one of 

aboard the Lewis spacecraft and is scheduled to conduct observations for 3 to 5 yeare_ of magnftude or more in 
spectra of diffuse 550 to 1100 A radiation with a sensitivity improvement of an ® 

romoarisoD with previous work. UCB incorporates new technology such as a special diffraction g g, 
coincidence guarded micro-channel plate detector system, low-radioactivity ultra low-noise micro- anne p a 

to, oohancg'dotocto, officieoc,. Tho ob«,v«i,» will »»•"'>"“ “ 

about the Galaxy’s local interstellar medium and about speculative scenarios regar g 
dark matter. We describe the instrumentation and the UCB science mission. 


Keywords: Diffuse EUV spectrometer, low-noise micro-channel plate detector, space-flight instrumentation, EUV 

optics. 


1. INTRODUCTION 

The EUV diffuse background (100 to 1000 A) is the most poorly 
backgrounds. A wide variety of sources have been proposed to radiate m this bandp^. O 

certainly producing flux in this band is the hot interstellar medium that “ °***^ historv of this material* 

observed from a hot ISM will be strongly dependent upon the temperature and thermal his ry 
The detection of just a few emission lines from this source will add tremendously to our ® 

understood material. A second source mechanism which is known to radiate in this b^d is e g 

medium which is resonantly excited by solar radiation^. A third, speculative poMi ® ” ** annrrp of EUV 

EUV background is emission from neutrinos in our Galaxy undergoing radiative decay**. Ano er 
line emission is atmospheric airglow**-*. The study of airglow emission will elucidate processes occurrmg in pp 
atmosphere and magnetosphere. 

Only upper limits to diffuse EUV background flux exist. These upper limits are one to two orders of magnitude 
larger than expected sources of cosmic flux. Initial investigations of the diffuM EUV astro^mical m poun ^ 
carried out with broad-band detectors on rockets and short duration orbital flights • • s 

have provided broad band upper limits to the cosmic EUV flux include the Alexis Satellite and the . 

A number of spectroscopic measurements have provided weak upper liimto with crude resolution o ~ ,, 

~ 15 A*“. More recent spectroscopic observations have yielded astronomically interesting luniU, sue as ' 
and a sounding rocket instrument***. Marginal detections of 1035 A background have been claimed using H U I 
while the DXS instrument*'* has yielded tentative, yet confusing detections. 

2. THE UCB INSTRUMENT 

We have developed a novel, compact instrument know as the Ultraviolet Cosmic Background spectrometer (here- 
after referred to as UCB) to measure the diffuse EUV background with unprecedented sensitivity Our mstrument 
performance goals are a bandpass coverage from 600 to 1050 A with < 5 A spectral 

diffuse line emission of no more than 2000 photons/sec/cm^/sr (or line uniU, LU), mth a pal of 200 , 

hours of observations; and simultaneous field imaging with < 5 aremin resolution. We stuped a num er o p 
designs and established several new methods and techniques to achieve these goals, including a unique fas op 
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design optimized for diffuse spectroscopy: an extremely low-noise Micro-Channel Plate (MCP) photon detector and 
an anti-coincidence system. 

The UCB instrument is one of the three prime payloads aboard the Lewis mission, a NASA SSTI (Small 
Spacecraft Technology Initiative) satellite produced by TRW. A primary goal of the SSTI program is to develop 
advanced technologies for small spacecraft design and methodology to greatly reduce the cost of space rnissions using 
a fast-track schedule and a minimum of oversight. The all-composite 850 lb spacecraft is scheduled for launch on 
the Lockheed-Martin LMLV in late 1996. The mission operational lifetime is 3 years with a 5 year goal Lewis is 
three-axis stabilized with 15 arcsecond knowledge. The UCB 8.4« x 25.6» field of view will be oriented toward the 
anti-sun direction and scan the entire ecliptic plane every 12 months. Periodic calibration and special inertial target 
pointings will be conducted. Observations will be integrated over long periods, from 100 to 1000 hours, depending 
on the science objectives. 

2.1. OPTICAL DESIGN 

We have designed a new grating spectrometer specially optimi 2 ed for diffuse radiation by examining potential 
combinations of grating surface and ruling parameters. We developed a general expression describing the optical 
path for mono-chromatic radiation incident upon an arbitrary polynomial surface, using variable space diffraction 
rulings, and then converging to a single point on the detector. We chose plane-cylindrical radiation emanating from a 
slit aperture as a source because it well describes a diffuse radiation field. The optical concept is schematically shown 
in Fig. 1. In contrast, a spherical radiation source emanating from a point on a slit better describes the illumination 
from an object at infinity focussed by a collecting optic. Following Fermat’s Principle, we minimized the variation 
of the path function over the grating’s aperture and found solutions which eliminated aberrations to fourth order for 
on-axis illumination. Constant line spacing and rotationally symmetric grating surfaces were then imposed on our 
solution to simplify the ruling and figuring process. An elliptical surface of rotation, a readily manufacturable and 
testable optic, was found to provide a solution with corrections to the third order. 

We established a number of design requirements in order to achieve a sensitive EUV imaging spectrograph 
that would fit a compact volume suitable for small space-missions: use of a single, reflective optic for maximum 
throughput; a fast optical system (< //4); a 15-20 cm focal length; an optics size of < 10 cm; and an active detector 
size of < 2.5 cm. We chose to restrict our design to normal-incidence optics for low cost and for the small envelope 
of a folded optical path. The design constraints were combined with our elliptical substrate solution to construct 
a candidate design which was then numerically ray-traced over a range of illumination angles and wavelengths to 
verify the optical performance. We examined and optimized the performance as a function of f-number, slit height 
and detector location. In Table 1, we summarize the key optical parameters of the design. We found that our design 
performed well and retained at least 75% of its resolution performance to 4® off axis. Moreover, spatial resolution 
better than 0.1® was achieved along the sky in the direction along the spectrograph slit, which permits radiation 
from bright stars to be identified and removed. 

Our new optics scheme yields a single-optic imaging spectrograph that is very well suited for diffuse observations. 
The design, while using a simple optical figure and ruling, is fully correctable to third-order regardless of optical speed. 
A tall slit, and consequently large collecting area, can be used because the design is based upon cylindrical-source 
illumination. Large imaging fields, and consequently large grasp, can be achieved because focusing radiation in the 
off-axis direction requires less curvature in comparison to point-source illumination optical schemes. In contrast to 
our design, conventional single-optic Rowland spectrographs^^ designed for point-source illumination, and even its 
toroidal derivatives'^ provide poor imaging at moderate off plane angles. The conventional single-optic Wadsworth 
design'^ provides good imaging for point sources but has limited solid angle due to spectral resolution constraints 
placed upon its in-plane angle of acceptance. (Single-optic Wadsworth designs also require a mechanical collimator.) 
The single-optic, toroidal Rowland- Wadsworth hybrid of Cotton, et al.'® is similar to our design, but is not exactly 
and specifically corrected for cylindrical-source illumination and is expected to show larger aberrations than our fully 
corrected design for very fast optical systems such as the //2.2 UCB. 
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Fig. 1. Schematic diagram of the optical concept of the spectrometer. 
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2.2. SPECTROGRAPH DESCRIPTION 


Our very-low signal sensitivity goals require precise and accurate subtraction of background noise. Consequently, 
we have incorporated a number of special and unique features in the spectrograph to maximize signal, minimize noise, 
and allow for accurate counting rate measurements. The completed spectrograph system, entirely fabricated by our 
group at Space Sciences Lab, U.C. Berkeley, is shown in mechanical layout in Figure 2. Light enters the spectrograph 
via an entrace baffle, filter wheel and slit assembly and then encounters baffles, the diffraction grating, more baffles, 
and an open-faced micro-channel plate detector. 

Great care has been taken to reject low energy charged particles, abundant at orbital altitudes, which can create 
a significant background noise source. The entrance baffle assembly uses optical baffles, a permanent magnet and 
low- voltage electric field to divert extraneous light and charged particles away from the slit entrance to the optics 
chamber. The slit, baffles and grid near the detector face are polarized at selectable low voltages to further reject 
ions. Besides the slit and a baffled evacuation port, the optics chamber is hermetically sealed. The chamber can be 
placed at high vacuum for ground testing or optics storage by using an internal flap-valve and an external pump. 

To allow for accurate background characterization and subtraction a rotating filter-wheel mechanism, driven by 
redundant stepping-motors, gates the 0.15 x 60 mm slit. The slit wheel rotation timing is carefully coordinated with 
data acquisition to allow for accurate count rate determination. The filter-wheel has four operational positions: 1) 
Closed, 2) Open, 3) MgF^ crystal, and 4) 1000 A thick Aluminum film. Data are taken at all four positions, at 
selectable time intervals, in order to detect (respectively) 1) detector background noise, 2) low-energy EUV radiation 
signal, 3) internally scattered 1216 A airglow radiation noise, 4) high-energy EUV radiation signal. 

The diffraction grating substrate, following our elliptical prescription for a cylindrical-source spectrograph, was 
made of stress- relieved aluminum overcoated with electroless nickel. The diffraction grating was holographically 
recorded with a special resist technique to eliminate the interference of substrate back-reflection. The grating was 
coated with silicon carbide by the Optical Thin Film Laboratory at GSFC. The grating was mounted at three points 
using spherical bearings and a threaded rod system which could be coupled to precision stepping motors for alignment 
and then locked for flight. The grating adjusters preserved the high-vacuum hermeticity of the optics chamber. 

At EUV wavelengths a prime contributor to the noise is background in the detector®. This background consists 
of two components (a) an internal background due to the radioactive decay of potassium in the microchannel plates, 
and (b) a charged cosmic ray particle background. To reduce internal radioactive noise, a major innovation used 
on this mission is a lightweight braised ceramic-metal MCP photon counting detector with special low-internal 
background, low-radioactivity MCP’s supplied by Galileo Corp. To reduce the cosmic ray background, the detector 
is surrounded with a charged particle anticoincidence system. Two photomultiplier tube (PMT) assemblies detect 
scintillator flashes induced by high-energy particle events and flag photons for rejection. To our knowledge UCB will 
contain the first space-flight of low-radioactivity MCP’s and the first implementation of anti-coincidence rejection to 
achieve an ultra low-noise MCP detector. 

We used a new technique^ ^ to enhance the MCP detector’s sensitivity at EUV wavelengths. The conventional 
method for sensitivity enhancement in the EUV is to coat the MCP surface with an alkali halide photo-emissive 
material The performance of these materials is known to degrade upon exposure to moist laboratory air. This 
imposes costly handling procedures for open faced MCP detectors that cannot afford the weight or complexity 
of flight-deployable vacuum door mechanisms. We developed and life tested a chemical treatment technique that 
provided enhanced EUV detective quantum efficiency which is not moisture sensitive. Furthermore, unlike most 
alkali-halide photo-cathodes used for the EUV, our technique did not significantly increase the quantum efficiency 
for 1216 A radiation. This is important because 1216 A radiation is a potential internal noise source due to grating 
scattering of geocoronal radiation. 

Spectrograph electronics support the detector function: Three high-gain, ultra low-noise charge sensitive ampli- 
fiers receive the microchannel plate signals via a wedge and strip encoding anode^^ and provide shaped pulse signals 
to the downstream analog- to- digital conversion system. These charge amplifiers are especially designed to be free 
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of overload saturation artifacts from cosmicray evcn..s. The amplifiers also contain arm/fire c rcu.ts to send a large 
capacitor’s low- voltage pulse to the detector for electrostatic ejection of particulate contarnmation on the anod^ 
capacitor s low oi g p electronic pulse calibration system. Each second, a trio of charge 

t controlled oacllato,. The „„pl,tnde= of th« poises ace controlled 

ill, swllchid atlcnoator to produce accurate charge signals for the detector electrodes; <h"e' ^Pl'; 

n’de havTbeerchosen to encode positrons ,n the eatreroe corners of the field of v„. of each detector In th.s 

wav, the stability of the entire detector elcctron.es can be monitored through instrument development, ca . ra ion, 

test, integration, and during the mission. 

The UCB instrument is operated by way of an Electronics Box contains removable circuit 
witb locking rail structural clamps that also serve as thermal dissipation paths to the chassis. An ADC circuit 
board converts sensor pulses into digital science information. Automatic circuitry exists to 

from 'count-rate overload' due to excessive light or charged particle levels, or from sen^r anomaly. The digital 
flight electronics system is centered in a high capability digital signal processor (DSP) 

control logic, and communications chips. The architecture adopted is based on the flight proven DSP32C 

microprocessor. Although this chip family is radiation tolerant, specific provisions have been a en p 

survival in case of latchup triggered by a high energy cosmic ray event. There principal function o 
photon formatting task that takes random photoevents in their wedge-strip format and optionally conver ® 
event (x,y) coordinates using full 32-bit arithmetic in order to avoid introducing computational artifacts into the 
accumulated images. Each event is flagged with anticoincidence shield status and pulse-amplitude morma 
folded into a data stream coordinated with filter position and timing events and information. Ihe Ubl^ execu es 
communications tasks concurrently with the photon formatting. Data are transferred to and from the spacecralt bus 
m a high-speed block format. During orbital operations the DSP is continuously available to receive a comman 
block, or to dispatch a data block to the on-board data storage system. 


3. PERFORMANCE 

The performance of the UCB Spectrometer and its components were measured in the EUV calibration faciliti^ 
at the Space Sciences Lab. The filters’ transmission were measured and the grating and detector efficiency measure 
The entire spectrometer system was also tested for end-to-end throughput. The detector pul^ eig response^ 
flat-field response and noise was measured. The low-noise detector background was found to be 0.01 coun s/sec/cm 
at a pressure of lO"® torr, a factor of 5 lower than the best MCP’s flow by our group in the past twenty-hve years. 
Spectral resolution performance, imagbg properties and field-of-view were measured on the full instrument using 
penciUbeams stepped over input angle and position. 

We have incorporated the calibration measurements into a calculation of the ultimate sensitivity of the UCB 
spectrometer to an EUV emission line. In Fig. 3 we compare the calculated sensitivity for the UCB spectrometer 
for 100 hrs and 1000 hrs of observing time with the best upper limits available in the instrument bandpaM^ Iwo 
distinct models of interstellar line emission are also shown. One model assumes collisional lonization^equilibnum, 
using the emissivities of Monsignori-Fossi fc Landini^® and the emission measure from Bowyer et a . ■ ® ® 

model is the delayed recombination model of Breitschwerdt L Schmutzler'’ whose intensity fits the 0^5 keV so 
X-ray background at high galactic latitudes and for which we have assumed attenuation due to the ISM in loca 
cloud of 5 X 10*’ The line from decaying neutrinos is from Sciama^, and the airglow lines are from Chakrabarti 
et al. 24. 

In Table 2, we summarize the resolution of instruments which have been, or will soon be used to study the 
character of the diffuse EUV and soft X-ray background. The UCB instrument has substantial capabilities both in 
absolute terms and in comparison with these other instruments and, together with the long mission life of Lewis, 
promises to significantly increase our understanding of the Galaxy. 
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Table 1 

. Key Instrument Parameters 

Bandpass: 

500-1100 A 

Field of view: 

26® X 8® 

Filters: 

None, Opaque, 1000 A Al, MgF 2 

Slit: 

0.15 X 60 mm 

Grating: 

8 cm diameter 
18 cm focal length 

holographically ruled 2460 lines mm“^ 

Grating Substrate: 

Electroless nickel on aluminum 

Grating Figure: 

Ellipse of rotation 

Semi-major axis 242.87 mm, parallel to ruling 
Semi- minor axes 176.17 mm 

Grating overcoating: 

silicon carbide 

Detector: 

Galileo low-noise MCP, 80:1 L/D, 10 pores 

with anti-coincidence guard 

Detector photocathode: 

chemical treatment 

Detector encoding: 

Wedge and strip 

Spectrograph Size: 

40 X 40 X 13 cm 

Spectrograph Weight: 

10 kg 


Table 2. Diffuse Galactic ISM Experiments 


EUVE^'^ 
EUVE 
Los Alamos^ 
Wisconsin^® 
Penn State^® 


Bandpass 
190-250 A 
400-160 A 
130-190 A 
40-80 A 
10-50 A 


Resolution (E/AE) 
10 
10 
10 
20 

40-60 


This experiment 550-1050 A 100-200 
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Wavelength A 


Fig. 3. Existing upper limits to the diffuse EUV cosmic background. LB are the 15 A resolution limits of Labov and 
Bowyer. EB are the 30 A resolution limits derived by Edelstein and Bowyer from Voyager data. The curved, horizontal 
lines are the 3<r measurement flux limits provided by 100 (thick line) and 1000 hrs (thin line) of observation with the 
UCB spectrometer. The dashed curves correspond to use of the aluminum filter while the solid curve shows similar 
limits with no filter. The solid vertical lines are the expected ISM emission from a steady-state collisionally ionized 
plasma The heavy dashed vertical lines are the intensities from the delayed recombination model of Breitschwerdt 
and Schmutzler. The fine dotted vertical lines are expected airglow lines. The cross-hatched region shows the range 
of the emission predicted by Sciama for a halo of radiatively decaying neutrinos. 
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Data will be withheld from distribution until calibration and instrument 
operations are verified and tested. Prior to any HSI data release, the data 
quality must be certified by TRW or its designee. 
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